Filter-fixed deoxyribonucleic acid preparations from organisms of the Neisseriaceae and from two unpigmented, psychrophilic, misnamed "Achromobacter" strains were hybridized with labeled ribosomal ribonucleic acids (rRNAs) from Acinetobacter calcoaceticus ATCC 2305ST (T = type strain), Alteromonas macleodii ATCC 2712@, Escherichia coli B, Pasteurella multocida NCTC 10322T, Actinobacillus lignieresii NCTC 4189T, Vibrio parahaemolyticus ATCC 17802T, Pseudomonas fluorescens MMCA 40T, Deleya aquamarina NCMB 557, Marinomonas vaga ATCC 27119T, Xanthomonas campestris NCPPB 52gT, Alcaligenes denitrijicans ATCC 15173T, Pseudomonas solanacearum NCPPB 32ST, Pseudomonas acidovorans ATCC 15668T, Alcaligenes faecalis NCIB 8156T, Janthinobacterium lividum NCTC 979fiT, Chromobacterium violaceum NCTC 9757T, Acetobacter aceti NCIB 8621T, Agrobacterium tumefaciens ICPB TTIII, and Rhizobium meliloti NZP 4009. The results revealed that the present members of the Neisseriuceae are genetically very heterogeneous. This family contains at least five unrelated groups. One group is located in rRNA superfamily I11 (containing the Pseudomonas acidovorans complex, Alcaligenes, Janthinobacterium, etc.) and includes the "true neisseriae," Kingella kingae, and Kingella denitri3cans. The present emended family Neisseriaceae should be limited to these organisms. Its closest genetic relative is Chrornobacterium. Another group, formed by Acinetobacter, Moraxella, Branhamella, the "false neisseriae," and the misnamed achromobacters, should be removed from the Neisseriaceae; it is somewhat related to organisms belonging to rRNA superfamily I1 (containing the Pseudomonasfluorescens complex, Marinomonas, etc.). Kingella indologenes does not belong to either of these groups and is situated between rRNA superfamily I (containing the Enterobacteriaceae, Pasteurellaceae, etc.) and rRNA superfamily 11. Moraxella urethralis and Moraxella anatipestifer are not at all related to other members of the genus Moraxella.
In The Prokaryotes (9) and in Bergey's Manual of Systematic Bacteriology (6) the family Neisseriaceae was divided into the following four genera: Acinetobacter, Kingella, Moraxella, and Neisseria. Branhamella was included in Moraxella as a subgenus. In The Prokaryotes (9), the previously so-called "false neisseriae" (Neisseria ovis, Neisseria caviae, and Neisseria cuniculi) were also described as members of this subgenus of Moraxella. In Bergey's Manual, however, Vedros (44) cautiously maintained these three species in the genus Neisseria as species incertae sedis. Moraxella urethralis was considered a temporary member of the genus until the exact taxonomic position of this species is elucidated. Moraxella anatipestifer is not considered to be a true member of the Neisseriaceae.
The members of the Neisseriaceae have been described as gram-negative rods or cocci which are often arranged in pairs, are aerobic, and are nonmotile. Acinetobacter differs greatly from the other members of the Neisseriaceae in habitat, growth characteristics, and various other phenotypic features. It is the only oxidase-negative genus of the family. For these reasons, Henriksen (20) suggested a new family for these bacteria. Van Landschoot and De Ley (submitted for publication) studied the taxonomy of the genus Acinetobacter by using deoxyribonucleic acid (DNA)-ribosomal ribonucleic acid (rRNA) hybridization. This genus was found to be rather heterogeneous and quite separate from all other genera.
The genera Moraxella and Neisseria both contain oxidase-positive bacteria that are parasites of the mucosal membranes of human beings and warm-blooded animals. In contrast to Moraxella, most Neisseria species form acids from sugars. Because of their coccoid micromorphology , Branhamella catarrhalis and the false neisseriae were originally thought to be "true neisseriae." However, transformation studies (5, 12) revealed that these bacteria are more closely related to Moraxella. As a result, Moraxella was incorporated into the family Neisseriaceae (22). Henriksen and Bevre (21) initially placed Kingella kingae in the genus Moraxella, but later gave genus status to this group of bacteria (23). Snell and Lapage (38) added two other species to Kingella on phenotypic grounds. For many years a vast array of classical and genetic approaches has been used to unravel the taxonomy of the Neisseriaceae. The current taxonomy of this family owes a lot to the extensive investigations by Henriksen and Bevre and colleagues, who used mainly genetic transformation and, later, other techniques, such as gas chromatography of cellular fatty acids. Nevertheless, the relationships within and among the genera remained obscure. DNA-DNA hybridization experiments performed by Kingsbury (3 l), Johnson et FF  RF  FF  RF  RF  RF  RF  FF  RF  FF  FF  FF  FF  RF  RF  FF  FF  FF  FF  FF  FF  RF  FF  RF  FF  FF  FF  FF  FF  FF  FF  FF  FF  FF   PP  HIA  PP  HIA  HIA  HIA  HIA  PP  HIA  TS  PP  PP  PP  HIA  HIA  PP  Mh  Mh  PP  PP  TS  HIA  PP  HIA  PP ' Data from reference 38.
seriaceae genetic transformation is of practical value for identification at the species level (28, 29), and, when streptomycin resistance is used as a marker, it appears to be a very powerful taxonomic tool which is capable of tracing affinities even beyond the range of most other methods (5) . Although some marginal affinities between Acinetobacter and Moraxella and between Kingelta kingae and Neisseria elongata have been reported (9), no transforming ability between the other genera and some species of Moraxella and Kingella was observed in tests with competent strains. It seems that the overall DNA or messenger ribonucleic acid sequences of these bacteria differ too much to elucidate the taxonomy of the entire family. However, there is some evidence that the rRNA cistron similarities are useful. Indeed, Johnson et al. (27) demonstrated homology between Acinetobacter rRNA and DNA from Moraxella osloensis and Branhamella catarrhalis by using a competition hybridization method. Unfortunately, limited taxonomic conclusions were possible because the study included only three representative strains of the Neisseriaceae.
In this work we studied the intergeneric relationships within the Neisseriaceae by using the DNA-rRNA hybridization method of De Ley and De Smedt (15) . Because this method quite easily detects distant relationships between bacteria, it frequently has resolved taxonomic problems when other classical and even genetic methods have failed, as was the case in the Azotobacteraceae (17) and Pseudomonas (18) . Based on the results of this method, an extensive detailed rRNA cistron similarity dendrogram covering the gram-negative bacteria is being constructed. Within this dendrogram at least four large groups are obvious; each one has been called an rRNA superfamily (14) . In this study VOL. 36, 1986 rRNA CISTRONS OF THE NEISSERIACEAE 325 
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DNAs from members of several typical species of the Neisseriaceae, Moraxella anatipestifer, and two misnamed psychrophilic achromobacters were hybridized with labeled rRNAs, from either Acinetobacter spp. or from species belonging to the four main superfamilies (superfamilies I to IV). In this way (i) the different members of the Neisseriaceae could be grouped, (ii) the relationships among these groups could be detected, and (iii) the taxonomic position of each group compared with the other gramnegative bacteria could be determined. Unpublished data from our laboratories.
MATERIALS AND METHODS
used are either type strains or representative strains that have been used in other taxonomic studies, thus allowing easy comparison of the results. Isolation of DNA. DNA was prepsred by the method of Marmur (32). Sometimes the sodium perchlorate step was Organisms used. The strains and growth media which we used are listed in Table 1 . We used various temperatures (30 to 36°C) and incubation times (1 to 6 days). Most of the strains 
RESULTS
The main parameters of the DNA-rRNA hybrids are shown in Tables 2 and 3 . The temperature at which 50% of a hybrid was denatured [T,,,)], which was the most significant parameter (19) , was a measure of the base sequence similarity between rRNA cistrons. The higher the Tm(,) value of a hybrid, the higher the level of relatedness between the hybridized organisms. The percentage of rRNA binding was the total amount of rRNA that remained bound per 100 kg of filter-fixed DNA after ribonuclease treatment. Figure 1 shows an rRNA cistron similarity map, which was the result of hybridizations between various DNAs and Acinetobacter calcoaceticus ATCC 2305ST rRNA. Three different homology areas could be differentiated in the Neisseriaceae. The upper area contained Acinetobacter strains (Van Landschoot and De Ley, submitted). Immediately below this area, between Tm(ej values of 69.9 and 733°C and rRNA binding values of 0.14 and 0.2296, there was a second area, which included strains of Moraxella (except Moraxella urethralis and Moraxella anatipestifer), Branhamella, the false neisseriae, and misnamed "Achromobacter" sp. strains NCMB 98 and NCMB 307. Below a Tm(e) value of 67.5"C strains belonging to the different rRNA superfamilies were distributed all over the map. True neisseriae, Kingella spp. strains, and Moraxella urethralis were found in an area encompassing superfamily I11 organisms (i.e., Pseudomonas solanacearum, Pseudomonas acidovorans, and Bordetella sp.). However, Kingella indologenes, is probably not closely related to other Kingella species. Undoubtedly, the isolated position of Moraxella anatipestfer excluded this organism from all other genetic groups of the Neisseriaceae and from superfamilies I, 11, and 111. In order to reveal the taxonomic relationships of the strains in this low-T,(,, area, more accurate positioning was obtained by hybridizing the DNAs of these organisms with labeled rRNAs from various reference strains of taxa belonging to other superfamilies (Tables  2 and 3) .
DISCUSSION
We detected considerable genetic heterogeneity within the Neisseriaceae as defined in Bergey's Manual (6) . Table 4 shows the average TmCej values of the different genetic groups found within the Neisseriaceae compared with each superfamily. The species included in each group are also shown in Table 4 .
As mentioned above, Moraxella, Branhamella, and the false neisseriae have their highest levels of homology with Acinetobacter. Although the average Tm(,) values of Branhamella catarrhalis (72.8"C) and Moraxella osloensis (71.8"C) were somewhat higher than those of the other Moraxella species (70.6"C), there seems to be enough evidence in the literature to consider these organisms members of one genetic group, which branches from the genus Acinetobacter at a Tm,e) level of 71.2 5 1.0"C (Table 4) . Baumann et al. (2, 3) have pointed out that the "oxidase-positive group of moraxellae" is distinct from the "oxidase-negative group" (i.e., Acinetobacter). Pulse-labeled ribonucleic acid-DNA hybridization results (4) allowed the same conclusion. These results and DNA-DNA hybridization results (27) also suggest that our genetic group 1 (Table 4) might be rather heterogeneous. Indeed, the level of the relatedness between Acinetobacter and the Moraxella cluster is not high and is of the same order as the level of relatedness between the Enterobacteriaceae and the Vibrionaceae (18) .
Strains NCMB 98 and NCMB 307 were received as Achromobacter sp.; these organisms were reported as Moraxella-like in the 1985 National Collection of Marine Bacteria Catalogue (33) and belong to a group of unpigmented psychrophilic oxidase-positive rods which Thornley (42) assigned to the genus Acinetobacter. Bgvre et al. (8) suggested that both strain NCMB 98 and strain NCMB 307 belong to Moraxella or to Acinetobacter or are part of an intermediate taxon between Moraxella and Acinetobacter. Wax patterns indicated a closer relationship to Moraxella than to Acinetobacter (10). Later, it was shown by transformation that both of the strains, together with 107 other psychrophilic strains, form a genetic group which exhibits no genetic affinity to Moraxella or Acinetobacter (30). Our hybridization experiments (Table 2 ) indicated that these misnamed bbAchromobacter" strains do not belong to the genus Acinetobacter but seem to cluster with Moraxella. However, this does not necessarily mean that they are moraxellae; the possibility that they are as far removed from Moraxella as they are from Acinetobacter, as suggested previously (8), cannot be ruled out. Acinetobacter, Moraxella, Branhamella, the false neisseriae, and both misnamed "Achromobacter" strains constitute a cluster which is separated from rRNA superfamily I1 at an average T,+) value of 67.2"C (calculated from the data in Table 4 ). The average Tm(e) value with Xanthomonas spp. is 64.5"C; the average Tm(.o) values with superfamilies I, 111, and IV are 65.7, 61.8, and 58.6"C, respectively (calculated from the data in Table  4 ). Table 1 . The values for Acinetohacter and species not belonging to the Neisseriaceae were taken from unpublished data from our laboratory. Symbols: 0, members of rRNA superfamily I; x , members of rRNA superfamily 11; A, members of rRNA superfamily 111; V, members of rRNA superfamily IV. Abbreviations: A. halo., Alteromonas haloplunktis; A. macl., Alteromonas macleodii; Aer., Aeromonas hydrophila; Bord., Bordetella bronchiseptica; E . , Escherichia; K., Kingella; M., Moraxella; Mar. corn., Marinomonas communis; Mar. vaga, Marinomonas vaga; Past., Pasteurella multocidu and Pasteurella bettii; P. acid, Pseudomonas acidovorans; P. fluor., Pseudomonus fluorescens; P. sol., Pseudomonas solanacearum; Rhiz., Rhizobium trifolii; Vibrio, Vihrio parahaemolyticus; Xant., Xanthomonas campestris.
The above mentioned cluster is not at all related to a second large cluster within the Neisseriaceae which is formed by the true neisseriae and two Kingella species, Kingella kingae and Kingella denitrijicans. The highest average Tm(e) value (72.2 f 0.3"C) ( Table 4) was obtained with rRNA from Chromobacterium violaceum, a member of rRNA superfamily 111. Since all of the species of true neisseriae studied do have some DNA-DNA homology with one another (24, 36) , they can be regarded as one genetic group. Therefore, the Tm(e) values of the type strains of Neisseria meningitidis, Neisseria flavescens, and Neisseria denitrijicans ( Table 3) are representative of the whole group. We can safely state that Neisseria branches from Chromobacterium at an average Tm(e) value of 72.4"C ( Table  4) . Only the following two Kingella species seem to be related to the true neisseriae: the type species, Kingella kingae, and Kingella denitrijicans (formerly referred to as the TM1 group of Hollis et al. [25] ). Both of these Kingella species have Tm(e) values (approximately 72°C) ( Table 4 ) similar to those of the true neisseriae against Chromobacterium. It is quite possible that Neisseria and Kingella branch off together to form one cluster. This has been suggested for Kingella kingae on the basis of transformation studies (9) and fatty acid analyses (26) .
The level of relatedness between the Neisseria-Kingella cluster and Chromobacterium is on the same order as the level of relatedness between Acinetobacter and Moraxella .
The third Kingella species is Kingella indologenes. Two strains were examined. One of these (strain NCTC 10717) was originally isolated and described by van Bijsterveld (43); the other (strain NCTC 10883) was isolated and described by Sutton et al. (41) . These two strains are quite similar, as shown by Bflvre et al. (8) . According to Snell and Lapage (38), they belong phenotypically to the genus Kingella. However, our results strongly suggest that, genetically, Kingella indologenes is not a member of the genus Kingella. It belongs neither to the Neisseria-Kingella cluster nor to rRNA superfamily I11 ( Fig. 1 and Table 4 ). This conclusion is partly supported by the lack of transforming ability between this species and members of Kingella or Neisseria ' Only species used in this study are listed.
(manuscript in preparation). The higher the Tmcc) value, the closer the relationship. The species in each genetic group are also indicated.
ND, Not determined. Values obtained from only one hybridization. To calculate the average T,,,(,, values, Kingella kingae and Kingella denitriJcans were considered one group, as proposed by Snell and Lapage (38), although no genetic evidence for this is available. (9) . The highest average Tm(el values were obtained with rRNAs from species belonging to superfamilies I and I1 (Table 4) ; however, these values do not allow inclusion in either one of these superfamilies. Distinct relationships with other well-known genera have not been found yet. In our opinion, Kingella indologenes is taxonomically best situated somewhere between rRNA superfamilies I and 11.
Morphologically and phenotypically, Mnraxella urethralis resembles some Moraxella species, but it can be differentiated from them by its distinct fatty acid composition, which, however, seems to fit within the overall fatty acid pattern of the Neisseriaceae (26) . According to Sugimoto et al. (40) , there is a very close fatty acid similarity among Moraxella urethralis, Branhamella catarrhalis, and Neisseria ovis. However, genetic affinities between Moraxella urethralis and other genera have never been found (27, 39) . We used two strains of Moraxella urethralis, strain ATCC 17960T (cited on the Approved Lists [37] as the type strain) and strain NCTC 11008 ( Table 1 ). The DNA-rRNA hybrids of these strains with Acinetobacter spp. strains gave Tm(e) values of 61.5 and 59.2"C, respectively ( Table 2) . These low Tm(e) values indicate that Moraxella urethralis (i) is genetically very far removed from Moraxella, and (ii) is not a member of rRNA superfamily I or 11. The exact taxonomic position of Moraxella urethralis remains to be determined.
Some organisms causing septicemia in ducks are known as Moraxella anatipestifer or Pasteurella anatipestifer. Moraxella anatipestifer is the valid name (36) , although in Bergey's Manual (11) these bacteria are classified as species incertae sedis under Pasteurella. Our hybridization results with DNA from the type strain clearly showed that Moraxella anatipestifer is related neither to Moraxella nor to Pasteurella ( Table 2) . This is in agreement with previous observations (1, 34, 39) . The very low Tm(e) values also rule out a possible relationship with other genera belonging to rRNA superfamilies I to IV. At present we cannot propose a definite genus. Moraxella anatipestifer might be related to the Flavobacteriurn-Cytophaga group (W. Mannheim et al. , unpublished data). Figure 2 shows the taxonomic positions of the different groups of the Neisseriaceae relative to other gram-negative bacteria; it demonstrates the extreme genetic heterogeneity in this family. The Neisseria-Kingella cluster and the Acinetobacter-Moraxella cluster are as far removed from each other as Alcaligenes is from the Pseudomonas fluorescens complex. Thus, it is not surprising at all that most taxonomic methods failed to detect significant levels of relatedness between species of the former two groups. In any case, genetically a single family Neisseriaceae including species of both groups cannot be maintained. Our results suggest strongly that the family Neisseriaceae should now be limited to the true neisseriae (e.g., Neisseria gonorrhoeae and other Neisseria species), Kingella kingae, and Kingella denitrijicans. Acinetohacter, Moraxella, Branhamella, the false neisseriae (e.g., Neisseria ovis and other Neisseria species), and the misnamed psychrophilic achromobacters are members of at least one other family, which is still to be named.
